Reversal of rest myocardial asynergy during exercise: A radionuclide scintigraphic study  by Kimchi, Asher et al.
1004 lACC Vol. 6, No, 5 
November 1985: 1004-10 
Reversal of Rest Myocardial Asynergy During Exercise: 
A Radionuclide Scintigraphic Study 
ASHER KIMCHI, MP, ALAN ROZANSKI, MD, CARYL FLETCHER, BSc, 
JAMSHID MADDAHI, MD, H, J. C. SWAN, MD, PHD, FACC, DANIEL S. BERMAN, MD, FACC 
Los Angeles, Californi{l 
While exercise-illduced segmental left ventricular wall 
motion abnormalities are ~ell described, the phenom•
enon of improvement in certain asynergic segments dur•
ing exercise in some patients remains a curiosity. To 
assess this unexpected finding, results were analyzed in 
85 patients with wall motion abnormalities at rest who 
underwent two view (450 left anterior oblique and 
anterior) exercise radionuclide ventriculography and 
exercise thallium-2ln myocardhil perfusion imaging. 
Wall motion was scored with a 5 point system (from 3 
[normal] to -1 [dyskinesia]); normalization or increase 
of 2 or more points with exercise signified improvement. 
Forty-eight patients (56%) had no change or further 
deterioration of wall motion at peak exercise, 15 (18%) 
showed both improvement of wall motion and deterio•
ration and 22 (26%) showed only improvement of wall 
motion. Wall motion improvement during exercise was 
Exercise is commonly used to induce left ventricular wall 
motion abnormalities in patients with suspected coronary 
artery disease. When these abnormalities occur, they are 
considered to be a direct reflection of zonal ischemia, re•
sulting from insufficient coronary blood flow during a period 
of increased metabolic demand (l ,2). Yet, we have noted 
that wall mo~ton abnormalities at rest may lessen or dis•
appear during exercise in some patients. The objective of 
this study was to assess the frequency of this unexpected 
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found ip 57 (20 %) of 279 segments with asynergy at rest. 
Of these 57 segments improving with exercise, 45 (79%) 
showed mild and 12 (21 %) showed severe asynergy at 
rest. Only seven segments (12%) were associated with 
pathologic Q waves. Thallium-201 perfusion was normal 
in 44 segments (77 %) while only 6 segments (11 %) had 
reversible and only 7 (12 %) had nonreversible thallium-
201 defects. 
In conclusion: 1) wall motion that is abnormal at rest 
can sometimes improve with exercise; 2) this phenom•
enon generally occurs in zones without a Q wave or 
nonrev~rsible thallium-201 defect. Hence, segments with 
abnormal wall motion at rest that show improvement 
with exercise appear to represent viable nonischemic 
segments. 
(J Am Call CardioI1985;6:1004-10) 
reversal of wall motion dysfunction during stress and de•
termine its significance. 
Methods 
Study patients. The study group consisted of 85 patients 
who were referred for both exercise rad~onuclide ventric•
ulography and thallium-20l stress redistribution scintigra•
phy as part of their clinical evaluation for coronary artery 
disease, and who had wall motion abnormalities at rest. In 
each study patient, the two radionuclidy studies were per•
formed within 1 month of each other (an average of 8 ± 
8 days apqrt), without an intervening coronary event. We 
excluded those patients who had pormal wall motion at rest 
or any other form of recognizable heart disease (valvular or 
cardiomyopathic). Patients with prior coronary bypass sur•
gery were also excluded because of the known effect of 
coronary bypass surgery on septal motion (3,4). Of the 85 
patients, 25 (29%) had a history of prior myocardial in•
farction. The mean age of the subjects was 58 years (range 
25 to 82), and 63 (74%) were male. 
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Exercise protocol for scintigraphic testing. Exercise 
was performed after withholding beta-adrenergic blocking 
agents for at least 24 hours and long-acting nitrates for the 
day of the test. Patients exercised to exhaustion, with ter•
mination of the test by the physician only for severe chest 
pain, serious arrhythmia or exertional hypotension. 
The thallium-201 study employed treadmill exercise, per•
formed according to the standard Bruce protocol (5). For 
exercise radionuclide ventriculography, bicycle exercise was 
also used with graded stress, wherein the patient began 
bicycling against a work load of 200 kilonond-meters (kpm 
[2,000 J])/min, and the work load was increased by 200 
kprnlmin every 3 minutes of exercise (6). We used continual 
3 lead electrocardiographic monitoring, recording the heart 
rate and ST segments in these three leads at 1 minute in•
tervals. Blood pressure and a full 12 lead electrocardiogram 
were recorded at 3 minute intervals, during both exercise 
and the postexercise period. 
Bicycle exercise radionuclide ventriculography. After 
receiving an injection of 25 mCi of autologous red cells, 
labeled in vitro with technetium-99m, each patient was po•
sitioned on an upright bicycle ergometer. A gamma camera 
equipped with an all-purpose collimator was then positioned 
in the left anterior oblique view with the exact angulation 
(40 to 50°) determined as that which best separated the left 
and right ventricles. Multiple-gated equilibrium blood pool 
scintigraphy was performed by acquisition of 20 frames of 
equal duration distributed uniformly over the entire cardiac 
cycle for a total of 2 minutes per acquisition, resulting in 
approximately 100,000 counts per frame. 
Imaging was performed during the rest period and then 
during the last 2 minutes of each 3 minute exercise stage 
(7). After the initial exercise using left anterior oblique 
imaging, each patient was allowed to rest for at least 20 
minutes, during which time heart rate and blood pressure 
returned to baseline. The bicycle protocol was then repeated 
with the scintillation camera positioned in the anterior view. 
For this view, we often employed a caudal tilt of 5 to 10°, 
using the angle that best separated the left and right ventricles. 
Thallium-201 stress redistribution scintigraphy. A dose 
of 2 mCi of thallium-20 I was injected intravenously at near•
maximal exercise, and exercise was continued for 60 to 90 
seconds. Serial, multiple view myocardial scintigrams were 
obtained, beginning approximately 6 minutes (immediately 
after stress imaging) and 3 to 6 hours (redistribution im•
aging) after the injection of thallium-201. For each phase 
of imaging, 10 minute images were obtained in the anterior 
and approximately 45 and 85° left anterior oblique projec•
tions. The exact angulation for the "45°" left anterior oblique 
view (between 40 and 50°) was that which yielded the most 
anular appearance of the left ventricle. Imaging was per•
formed using a standard field of view Anger camera equipped 
with 37 photomultiplier tubes, a Y4 inch (0.64 cm) thick 
sodium iodide crystal, and a high-resolution, parallel-hole 
KIMCHI ET AL. 1005 
IMPROVEMENT OF WALL MOTION WITH EXERCISE 
collimator. A 25% energy window centered on the 80 keY 
X-ray peak and another independent 15% window centered 
on the 167 keY photopeak were used. All scintigrams were 
recorded on Polaroid film with a triple lens camera. Since 
the principal feature of the thallium-201 study in question 
was reversibility of defects, we employed the visual as•
sessment of analog data, because the analysis of thallium 
defect reversibility by computer assessment has not been 
validated in our laboratory. We have previously relied on 
visual assessment of thallium images when comparing thal•
lium reversibility with wall motion defect (8). 
Interpretation of scintigraphic data. Ejection fraction 
measurements were determined by one of our two computer 
operators, who used a light pen to designate end-diastolic, 
end-systolic and left paraventricular background regions of 
interest. Ejection fraction was calculated as the number of 
stroke counts divided by the background-corrected end•
diastolic counts. An "abnormal" left ventricular ejection 
fraction response during stress was defined conventionally 
as a left ventricular ejection fraction rise of less than 0.05 
unit from rest (2). 
For segmental wall motion analysis (Fig. /), all left 
ventricular images were evaluated independently by at least 
two experienced physicians, unaware of the clinical data, 
who viewed all exercise images of a given projection si•
multaneously in a closed-loop movie format on the com•
puter's video display. Images were processed by spatial and 
temporal smoothing. For each image the left ventricle was 
divided into five segments. There were 850 potentially ana•
lyzable myocardial segments (10 segments in each of the 
85 patients). Each segment was scored according to a 5 
point system: 3 = normal wall motion; 2 = mild hypo•
kinesia (inward contraction during systole but less than the 
normal pattern); I = severe hypokinesia (minimal inward 
contraction during systole); 0 = akinesia (absence of con•
traction during systole); and - I = dyskinesia (outward 
movement during systole). Differences in wall motion scores 
were mediated by consensus (6,7). Segmental myocardial 
asynergy was defined as the presence of any abnormality in 
wall motion at rest (score :S2). Wall motion that was ab•
normal at rest was considered improved at peak exercise if 
it normalized or increased by at least 2 points from the rest 
score. Thus, a change from dyskinesia to akinesia or from 
severe to mild hypokinesia was not considered improve•
ment. We previously applied the same scoring system in 
analyzing postexercise wall motion (6,7). 
The thallium-201 images from each patient were ex•
amined jointly by at least two experienced observers without 
knowledge of the clinical history or the results of radio•
nuclide ventriculography. For both the poststress and 4 hour 
redistribution scintigrams, the left ventricle was divided into 
the same five segments used for wall motion analysis (Fig. 
1), and thallium-201 activity was visually assessed for each 
region by a 4 point scoring system: 0 = normal; 1 = slightly 
1006 KIMCHI ET AL. 
IMPROVEMENT OF WALL MOTION WITH EXERCISE 
lACC Vol. 6, No.5 
November 1985:1004-10 
Figure 1. Scintigraphic projections. Left, Wall motion 
views: gated equilibrium blood pool ventriculography 
was performed twice; in two projections. For each pro•
jection, the left ventricle was divided into five segments. 
Right, Thallium views: thallium-201 scintigraphy was 
perfprmed in three projections, includirig the two pro•
jections Which correspond to the performance of exercise 
radionuclide ventriculography. The left ventricle was again 
divided into five segments. D and P = distal and prox•
imal posterolateral wall, respectively; LAO = left an•
terior oblique. 
~~o\ ~ 5 1. 2 6P 7P 2 4 W 5 3 3 7D 4 
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decreased as compared with the most intense segment, but 
almost normal; 2 = definitely decreased; and 3 = severely 
decreased (8). Differences in scores were also mediated by 
consensus. 
A stress thallium defect was defined by a segmental point 
score of 2 or more. On the 3 to 6 hour image, a normal 
segmental redistribution pattern was considered present if 
the corresponding segment showed a point score of 0 or 1; 
an abnormal redistribution pattern was defined by a score 
of:2 or more; and stress defects were termed "reversible" 
if the score was 0 (completely reversible) or 1 (partially 
reversible). Defects with a score of 2 or 3 on the 3 to 6 
hour image were termed nonreversible (8). 
Eiectrocardiographic data. Q waves were considered 
pathologic when their duration Was of 0.04 second or longer. 
Anterior and posteroinferior Q waves were correlated with 
corresponding anterior and posteroinferiot segments on the 
radionuclide ventriculograms, according to the method of 
Roberts and Gardin (9). 
Statistical analysis. Comparison of the history of prior 
myocardial infarction, presence of nonreversible thallium-
201 defects and frequency of abnormal left ventricular ejec•
tion fraction responses during stress in the different groups 
of patients was made using the chi-square test. Comparison 
of patient groups for presence of reversible thallium-20l 
defects could not be made using the chi-square test because 
expected cell values were insufficient for this comparison; 
two groups with nonimprovement of wall motion were com•
bined and compared with the group with wall motion im•
provement using Fisher's exact test. The change in mean 
left ventricular ejection fraction during exercise was as•
sessed using the paired Student's t test. The alpha level for 
all statistical tests was set at 0.05. 
Results 
Analysis of asynergy at rest (Table 1). Of the 850 
potentially analyzable left ventricular segments in the 85 
patients studied, the wall motion of 12 segments (1.5%) 
could not be interpreted because of chamber overlap. Of 
the remainder, 279 segments (33%) demonstrated myo•
cardial asynergy at rest, including II dyskinetic, 38 aki•
netic, 77 severely hypokinetic arid 153 mildly hypokinetic 
segments. Approximately half the abnormal myocardial seg•
ments were localized to the apex or inferoapex, and half 
were distributed among the other myocardial zones. The 
more proximal the zone the less likely was there to be any 
asynergy. 
Frequency of decrease in asynergy with exer•
cise. Improvement in myocardial wall motion during ex-
Table 1. Location and Severity of Left Ventricular Myocardial Asynergy at Rest 
Anterior View Left Anterior Oblique 45° View 
Distal Proximal 
Proximal Distal Distal Proximal Postero- Postero-
Anterior Anterior Inferior Inferior Proximal Distal lateral lateral 
Wall Wall Apex Wall Wall Septum Septum Inferoapical Wall Wall 
Dyskinesia 3 6 
(n = II) 
Akinesia 4 II 4 2 4 8 3 
(n = 38) 
Severely 9 20 7 2 10 12 13 4 
hypokihetic 
(n = 77) 
Mildly 7 15 29 10 6 12 15 39 11 9 
hypo kinetic 
(n = 153) 
n = number of segments. 
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Figure 2. Frequency of wall motion improvement with 
exercise according to the location of myocardial asyn•
ergy at rest. The vertical axis represents the percent of 
asynergic segments at rest showing improved wall mo•
tion with exercise. N = number of segments. 
ANTERO SEPTUM APEX INFERO INFERIOR POSTERO 
LATERAL APICAL LA TERAL 
(N=35) (N=55) (N=63) (N=66) (N=31) (N=29) 
ercise was seen in 57 (20%) of the 279 segments with 
asynergy at rest. No segment with dyskinesia or akinesia at 
rest, however, showed improvement in wall motion during 
exercise. Twelve (21%) of the 57 segments that improved 
during exercise had severe hypokinesia at rest; the other 45 
(79%) had mild hypokinesia at rest. 
The location of myocardial segments showing improve•
ment with exercise is illustrated in Figure 2. The apex and 
inferoapex were the areas that most commonly manifested 
wall motion improvement, but improvement was noted in 
each of the other zones analyzed. It was noted in 26 to 33% 
of the apical and the inferoapical zones (average 29%), but 
also in 9 to 23% of the other zones (average 13%). 
Comparison with electrocardiographic and thallium-
201 scintigraphic findings. Comparison of the location of 
asynergy at rest with the electrocardiogram at rest revealed 
that abnormal Q waves were present in the distribution of 
66 (30%) of the 222 asynergic segments failing to improve 
with exercise. In contrast, only 7 (12%) of the 57 segments 
that demonstrated improvement with exercise had corre•
sponding abnormal Q waves on the rest electrocardiogram. 
Analysis of the thallium-201 pattern in these 222 asynergic 
segments failing to improve revealed that 138 (62%) had a 
normal thallium-201 perfusion pattern, 28 (13%) had re-
versible and 56 (25%) had nonreversible thallium-201 per•
fusion defects. Of the 57 asynergic segments that did im•
prove with exercise, 44 (77%) had a normal thallium-201 
perfusion pattern, 6 others (11 %) had reversible defects and 
only 7 segments (12%) had nonreversible thallium-201 per•
fusion defects. 
Exercise improvement and patient profile (Fig. 3). A 
total of 48 (56%) of the 85 study patients showed either no 
change or a worsening in wall motion at peak exercise 
(group A). Fifteen patients (18%) showed improvement of 
resting myocardial asynergy in at least one segment during 
exercise, but also had remote worsening of wall motion in 
other segments (Group B). The other 22 patients (26%) 
showed improvement of rest myocardial asynergy alone at 
peak exercise, without worsening in another zone (Group 
C) . We compared the following clinical features in these 
three patient subgroups: I) history of myocardial infarction; 
2) presence or absence of reversible and nonreversible stress 
thallium-201 perfusion defects; and 3) frequency of an ab•
normal left ventricular ejection fraction response to exercise. 
With respect to evidence of prior myocardial infarction, 
Group A patients showed the highest frequency and Group 
C showed the lowest frequency of history of infarction 
(p = 0.059). Similar findings were shown for the presence 
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Figure 3. Clinical features and test responses classified 
by patient group: Group A (patients who showed either 
no change or a worsening in wall motion at peak exercise), 
Group B (patients who showed both lessening of myo•
cardial asynergy at rest in at least one segment during 
exercise and remote worsening of rest wall motion in other 
segments) and Group C (patients who showed lessening 
of rest myocardial asynergy at peak exercise, without 
worsening in other zones). The vertical axis represents 
the percent of patients in each group with a history of 
myocardial infarction (MI); frequency of nonreversible 
thallium defects; frequency of reversible thallium defects; 
and frequency of an abnormal ejection fraction (EF) re•
sponse during exercise. 
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of nonreversible thallium-201 perfusion stress defects (p = 
0.005). With respect to exercise-induced ischemia, Group 
C had the lowest frequency of reversible thallium-201 per•
fusion stress defects (p == NS). Moreover, Group A had 
the highest frequency and Group C the lowest frequency of 
abnormal left ventricular ejection fraction responses during 
stress (p < 0.001). Group A patients showed a fall in mean 
left ventricular ejection fraction during exercise from 50 ± 
11 to 47 ± 13% (mean ± SD) (p < 0.01). Patients in 
Group B, with both improvement and remote worsening of 
wall motion, showed an intermediate, nonsignificant change 
in ejection fraction during exercise from 55 ± 8 to 56 ± 
8%. Patients in Group C showed a significant rise in mean 
left ventricular ejection fraction from 56 ± 6 to 67 ± 7% 
(p < 0.01). 
Discussion 
Occurrence of improvement in rest myocardial asyn•
ergy during exercise. Exercise generally aggravates myo•
cardial ischemic dysfunction, by increasing tissue oxygen 
demand out of proportion to the increase in oxygen supply. 
The development of new segmental left ventricular wall 
motion abnormalities, or worsening of preexisting myo•
cardial asynergy, is commonly seen during exercise in pa•
tients with coronary artery disease and is considered a sign 
of myocardial ischemia (1,2). In contrast, our results in•
dicate that myocardial asynergy at rest may sometimes de•
crease during exercise. 
The frequency of decreased asynergy was 26% in our 
selected patient group. While this observation represents a 
paradoxic finding, two factors indicate that this observation 
does not simply represent an artifact of interpretation. First, 
paradoxic improvement was not localized to one particular 
region of the left ventricle. Improvement was most fre•
quently localized to the apex and inferoapex, but in one 
third of the instances it occurred in some other region of 
the myocardium. Second, while such improvement most 
commonly involved mildly abnormal segments, in some 
segments the degree of improvement was marked, with nor•
malization of severely hypokinetic zones. 
Our data also suggest that these improving segments are 
likely to be composed of viable rather than fibrotic scar 
tissue. Three observations support this conclusion. First, no 
segment with dyskinesia or akinesia at rest showed im•
provement in wall motion during exercise. These severely 
dyssynergic zones are likely to be affected by anatomic 
fibrosis (6). Second, only seven segments (12%) were as•
sociated with pathologic Q waves on the electrocardiogram 
at rest and only three patients (14%) had a history of previous 
myocardial infarction. Third, only 7 (12%) of the 57 im•
proving asynergic segments had nonreversible myocardial 
thallium-201 defects; the remainder demonstrated the pres•
ence of thallium activity at the time of redistribution im-
lACC Vol. 6. No.5 
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aging. We have previously demonstrated that the presence 
of thallium activity at the time of redistribution imaging is 
a marker of reversibly asynergic myocardium and an indirect 
marker of zonal viability (8). Our conclusion, that these 
improving segments are probably viable, is consistent with 
the many previous reports indicating that postintervention 
wall motion improvement in general is associated with vi•
able myocardium. Such association has been described after 
surgery (10), postextrasystolic potentiation (11), nitroglyc•
erin (12) and immediately after exercise (6). 
Why does segmental wall motion improve during ex•
ercise? There are a number of generally considered poten•
tial mechanisms by which wall motion might improve: im•
provement in coronary blood flow to zones with resting 
hypoperfusion (10), reduction in preload (7,12), inotropic 
stimulation of the asynergic zone (13,14) or passive im•
provement in fibrotic zones secondary to improved con•
tractility of adjacent normal zones. Also, abnormalities at 
rest may be seen in athletic individuals, only to disappear 
with the onset of exercise. The mechanism for asynergy at 
rest in such individuals is unclear. 
What are the possibilities that these mechanisms may be 
operative in potentiating wall motion improvement during 
exercise? A reduction in preload appears to be a doubtful 
cause for such improvement, because exercise is associated 
with the opposite, an increase in preload on the myocardium. 
Improved coronary blood flow is also an unlikely expla•
nation. Wall motion abnormalities due to hypoperfusion at 
rest are usually associated with severe coronary stenosis 
(8,15). Although coronary blood flow normally increases 
with exercise in areas subtended by arteries with significant 
stenosis, this increase is generally not as great as the increase 
in metabolic demand, thus leading to the expected deteri•
oration of wall motion during stress. A more likely possi•
bility is that wall motion in these segments improved be•
cause of inotropic stimulation, either directly or indirectly. 
Catecholamine stimulation can directly induce improvement 
of abnormal wall motion, if these zones are adequately 
perfused. Only in the presence of hypoperfusion does cate•
cholamine stimulation produce the opposite result, a reduc•
tion in wall motion (13,14). Thus, it is notable that in our 
study, the majority of segments with improved wall motion 
had adequate perfusion by thallium-201 scintigraphy; only 
II % demonstrated reversible myocardial defects with stress. 
Thus, the direct stimulation due to catecholamines is a ten•
able, albeit unproved, cause for the paradoxical reversal of 
wall motion abnormalities at rest. Alternatively, the im•
proved wall motion in these segments could occur by an 
indirect mechanism, the result of passive pulling on these 
segments by the increased contractility of the immediately 
adjacent, normal segments during exercise. 
Whether wall motion improvement is the result of a pas•
sive or active mechanism, we theorize that these wall motion 
abnormalities at rest represent either a biologic variation of 
JACC Vol. 6, No.5 
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normal wall motion or the presence of patchy fibrosis, With 
regard to the latter possibility, these asynergic segments 
could represent the fibrotic residue of either transmural or 
subendocardial myocardial infarction, or localized myocar•
ditis, small in size, Previously Bodenheimer et al. (16) 
demonstrated that only 10% of the myocardium needs to be 
fibrosed to cause a localized wall motion abnormality. Since 
thallium myocardial scintigraphy is relatively insensitive to 
such small zones of fibrosis (17), their lack of identification 
by planar thallium-201 scintigraphy would not be surprising. 
Potential limitations of the study design. Our analysis 
suffered from several limitations. First, the visual assess•
ment of wall motion, as performed here, can be highly 
subjective (18). Nevertheless, we previously demonstrated 
(19) that the majority of segments we classified as hypok•
inetic by radionuclide ventriculography have corresponding 
contrast ventriculographic abnormalities. In addition, 20% 
of the segments with asynergy at rest that improved with 
exercise exhibited severe hypokinesia, Visual assessment 
also does not permit direct quantification of wall motion 
improvement. It is possible, for example, that akinesia less•
ened substantially during exercise, from encompassing the 
entire apex to involving only the apical tip. Such change, 
possibly overlooked by visual analysis, might be detected 
by quantitative analysis of regional wall motion. 
Second, the assessment of thallium defect reversibility 
was also performed using visual analysis, adding another 
component of subjectivity, We apply our own quantitative 
thallium analysis program to each scintigraphic study per•
formed in our laboratory (20,21), but although this program 
analyzes the degree of myocardial washout of thallium, it 
does not measure the degree of thallium defect reversibility. 
A common error is the equation of these two measurements 
by our program. Physiologically, washout and redistribution 
represent the same process, but they are not equivalent tech•
nically, This is because the myocardial washout of thallium 
is a spatially nonrelative measurement (20), that is compared 
with normal limits in other patients rather than with the 
amount of activity in immediately adjacent segments, Thus, 
if there is a reversible thallium defect, but the washout rate 
of this zone is within 2 SD of the normal value, then our 
program will not detect a washout abnormality. Washout 
analysis and defect reversibility also do not correspond in 
patients with diffuse slow washout of myocardial thallium. 
Thus, although the analysis of washout adds to the identi•
fication of individual coronary stenoses, it cannot be equated 
with defect reversibility. 
Third, angiographic correlations were lacking in this study. 
This is because so few patients were catheterized in this 
group of patients with improving wall motion. As more 
patients are identified, however, this additional analysis would 
be of interest. 
Clinical significance. We tend to think of asynergy at 
rest as being a concomitant of previous myocardial infarc-
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tion of severe myocardial hypoperfusion at rest (8,15,22). 
The present study, however, indicates that there is a third 
group of segments with asynergy at rest, those that improve 
with exercise. Thus. the mere presence of asynergy at rest 
does not automatically indicate that myocardial infarction 
or hypoperfusion at rest is present. The cause of this third 
group of abnormalities is unclear. Rest abnormalities that 
become less severe during exercise may represent either 
small zones of fibrosis. a biologic variation in wall motion 
at rest, or both. Similarly, the mechanism for this improve•
ment is not yet clear. but we postulate that it is probably 
due to the effect of catecholamine stimulations, either di•
rectly in the abnormal zone or indirectly in the immediately 
adjacent normal zone. What appears evident so far is that 
this process is a nonischemic phenomenon; its pathogenesis 
and long-term prognostic importance, however, remain to 
be established. 
We are indebted to Becky Kimchi. Greg Kuhl. Patricia Allen, 10ye L. 
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assistance throughout this study and help in preparation of the manuscript. 
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